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Purpose/Objective: To evaluate the efficacy of off-line setup 
correction protocols in the reduction of systematic displacements in a 
large cohort of patients with esophageal cancer (EC) undergoing 
radiation therapy. 
Materials and Methods: On average 2 new EC patients are treated at 
our institute per week. This study is a part of a broader study 
investigating interfraction and intrafraction motion and setup 
displacements for this category of tumors using 4D-CTs. Patients 
treated with 23 or more fractions were included in this study (up till 
now 26). They underwent setup position verification using two 
orthogonal electronic portal images (EPIs). Typically bony structure 
anatomy (vertebrae) is used to match the EPIs to a baseline DRR 
derived by the planning CT. The non-action-level (NAL) correction 
protocol was applied using the displacements of the first 3 fractions. 
Additional EPIs were made every two weeks for verification of the NAL 
protocol. For this study two observers (re)matched all EPIs of all 
patients. The standard deviation (SD) of the systematic error Σ and 
the random error σ was estimated for LeftRight (LL), Craniocaudal 
(CC) and Anteriorposterior (AP) directions. The required margin M was 
calculated by M=2.5×Σ+0.7×σ. 
Results: The estimated standard deviations of the systematic (Σ) and 
random (σ) errors and the associated PTV margins are shown in table 
1.  
 
 
Conclusions 
The off-line setup correction protocol effectively reduces the required 
PTV margins. These data will be used to simulate an eNAL correction 
protocol, optimize the clinical PTV margin and will be used for 
comparison with cone beam CT based position verification and online 
protocols. 
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Purpose/Objective: To investigate the accuracy and reliability of 
cone-beam CT (CBCT) based online position verification and 
correction for Image Guided Radiotherapy of pancreatic cancer. 
Materials and Methods: Between December 2011 and June 2012 six 
patients with irresectable pancreatic cancer were treated in our 
hospital with external beam radiotherapy (25×2 Gy) in combination 
with chemotherapy. For treatment planning a respiration-correlated 
PET-CT scan was made and pancreatic tumour motion amplitude and 
mid-ventilation position was determined. The applied PTV margin was 
10 mm plus a quarter of the peak-to-peak amplitude in each 
direction. For position verification a CBCT scan was made prior to 
each radiation treatment fraction, resulting in a total of 6×25=150 
CBCTs. Setup correction was applied using an online protocol based on 
a bony anatomy match. All setup results were analyzed in order to 
assess the adequateness of the applied PTV margins. Two radiotherapy 
technologists (RTTs) independently evaluated all 150 CBCT scans with 
respect to image quality and accuracy of the bone match, as well as 
its reliability to distinguish the location of the tumour, the pancreas 
and the nearby large blood vessels, on a 5-level scale: 1 = very poor, 2 
= poor, 3 = reasonable, 4 = good, 5 = very good. 
Results: Pancreatic tumour size on the planning CT-scan was on 
average 58 ± 29 cc (mean ± SD). Tumour motion amplitude was on 
average 2.7 ± 0.9 mm in lateral direction (LAT), 3.9 ± 2.0 mm in 
anterior-posterior direction (AP) and 6.3 ± 1.7 mm in superior-inferior 
direction (SI). Applied PTV margins were on average 10.6 ± 0.3 mm 
(LAT), 10.9 ± 0.6 mm (AP) and 11.4 ± 0.8 mm (SI), resulting in an 
average PTV volume of 232 ± 96 cc. Interobserver variation between 
the two RTTs in the evaluation of CBCT scans was very low. The image 
quality was judged to be low (on average 2.8 on a scale of 1-5), 
however the bone match was very accurate (on average 5.0). Visibility 
of the tumour and the pancreas itself was very poor (on average 1.8 
for both), whereas the large vessels were better distinguishable (on 
average 3.4). The systematic setup errors (∑) were 3.9 mm (LAT), 1.9 
mm (AP) and 2.5 mm (SI). Random setup errors (σ) were respectively 
2.9 mm, 2.4 mm and 3.0 mm. Setup rotations were on average very 
small, i.e. respectively 0.39°, 0.17° and -0.27°. Applying a common 
margin recipe (M=2.5×∑+0.7×σ) this suggest that a PTV margin of 
respectively 11.9 mm, 6.4 mm and 8.3 mm is needed to account for 
setup variation based on bony anatomy. 
Conclusions: Pancreatic tumours are poorly visible on CBCT scans. 
However, a bony anatomy based online correction protocol can be 
easily performed to accommodate bony anatomy setup errors. Tumour 
based setup correction requires placement of fiducial markers. In this 
study pancreatic tumour motion due to breathing was limited, 
suggesting no definite need for respiration-correlated planning scans 
or additional intrafraction motion correction strategies.  
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Purpose/Objective: Anatomical changes such as tumor shrinkage/ 
expansion and creation/obliteration of atelectasis in thorax, over the 
course of lung cancer radiotherapy treatment may affect the outcome 
of the planned treatment. Adaptive radiotherapy, based on 
deformable image registration (DIR) may be a solution to minimize the 
divergence from the treatment plan. Respiration is an additional 
contributor to anatomical uncertainties, resulting in large margins to 
the GTV. By means of Deep-Inspiration-Breath-Hold (DIBH) gating this 
uncertainty may be suppressed, resulting in smaller treatment fields, 
saving adjacent OARs from unnecessary irradiation. The objective of 
this study was to evaluate, the geometrical inter-fractional variation 
of lung cancer tumors, and their affect on the adjacent OARs, 
regarding change of volume, center-of-mass (COM) position, DICE 
similarity coefficient, and overlap index, comparing DIBH gating to 
conventional treatment in free breathing (FB), by means of DIR 
analysis. 
Materials and Methods: During clinical implementation of DIBH gated 
treatment of lung cancer patients, a number of locally advanced lung 
cancer patients were dual-CT scanned (4DCT in FB as well as a DIBH 
CT) before start of treatment, in the middle of the course of 
treatment, and after completed treatment. Enrolled NSCLC patients 
were treated in 30-33 fractions, receiving 60-66 Gy (2 Gy/fx, 5 fx/w), 
and enrolled SCLC patients were treated in 22 fractions, receiving 
45.1 Gy (2.05 Gy/fx, 5 fx/w). During the course of treatment the 
patients were CBCT scanned weekly in DIBH and FB, at treatment 
position. Varian's RPM-system v. 1.7 was used for tracking and 
monitoring the patient's breathing cycle to acquire gated imaging. 
Delineations of tumor and OARs were performed on each CT scan 
according to standard protocol by experienced oncologists. DIRs were 
performed between the various CTs and CBCTs by Varian Smart Adapt 
v. 11.0, and analysed for volume change, COM positional variation, 
DICE similarity coefficient, and overlap index, throughout the course 
of treatment. 
Results: Evaluation of the DIBH and FB CT and CBCT scans found 
geometrical similarities (DICE and overlap) between deformed and 
manually delineated structures throughout the course of treatment, 
especially for DIBH imaging. Poor concordance was however found for 
patients with atelectasis. There were found significant volume 
changes over the course of treatment, both for DIBH and FB images. 
The inter-fractional variations of COMs were smaller for DIBH, 
compared to FB imaging. These observations indicate that adaptive 
treatment planning is necessary during the course of treatment for an 
optimal lung cancer treatment. 
Conclusions: DIR analysis provides a feasible and valuable tool for 
indicating if adaptive treatment planning is necessary based on 
geometrical variations throughout the course of lung cancer 
treatment, with better correlation for DIBH than FB imaging.  
   
 
